Abstract: Imidazole-based carbohydrazides, i.e., 3-oxidoimidazole-4-carbohydrazides 1 and 2-[(imidazol-2-yl)sulfanyl]acetohydrazides 6, react with aryl isoselenocyanates 4 in MeOH at room temperature to give the corresponding selenosemicarbazides 5 and 7, respectively, in good yields. On heating 7b in DMF in the presence of air to 100°, 1,3,4-oxadiazole 8a was formed via cyclization and formal elimination of H2Se. Product 8a was also obtained after heating of a mixture of 4a and 6b under the same conditions. On the other hand, on heating of a solution of 7c in MeOH at reflux, a cyclization occurred to give the corresponding 1,2,4-triazole-3-selone 9b. Again, the same product was formed when a mixture of 4b and 6b was heated in MeOH. Surprisingly, analogous cyclizations of selenosemicarbazides of type 5 under the same conditions failed, and only decomposition was observed. The structures of 7a, 7d, and 9b have been established by X-ray crystallography. 
Imidazole-based carbohydrazides, i.e. 3-oxidoimidazole-4-carbohydrazides 1 and 2-(imidazol-2-yl)sulfanylacetohydrazides 6, react with aryl isoselenocyanates 4 in MeOH at room temperature to give the corresponding selenosemicarbazides 5 and 7, respectively, in good yields. On heating 7b in DMF in the presence of air to 100°, 1,3,4-oxadiazole 8a was formed via cyclization and formal elimination of H 2 Se. Product 8a was also obtained after heating of a mixture of 4a and 6b under the same conditions. On the other hand, on heating of a solution of 7c in MeOH at reflux, a cyclization to give the corresponding 1,2,4-triazole-3-selone 9b occurred. Again, the same product was formed when a mixture of 4b and 6b was heated in MeOH. Surprisingly, analogous cyclizations of selenosemicarbazides of type 5 under the same conditions failed, and only decomposition was observed. The structures of 7a, 7d, and 9b have been established by X-ray crystallography.
Introduction. -Isoselenocyanates are well known as versatile building
blocks for the preparation of linear and cyclic selenoorganic compounds [1] . It is also well documented that many seleninum-containing products display diverse biological activities, and some are of significant importance in the pharmaceutical and agrochemical fields [2] . In analogy to isocyanates and isothiocyanates, isoselenocyanates easily react with N-nucleophiles, such as primary and secondary amines, furnishing the corresponding selenoureas [1] [3] . Hydrazines display a similar reactivity leading to selenosemicarbazides [4] . In the case of carbohydrazides, only a few reactions with isoselenocyanates have been reported to date [4a] [4b] [5] . Whereas, to the best of our knowledge, carbohydrazides derived from heterocyclic carboxylic acids have not yet been used in such reactions [6] , reactions of benzohydrazide with aliphatic and aromatic isoselenocyanates are known [4a] [4c], and in a recent study, selenosemicarbazides obtained thereby were shown to form 1,3,4-oxadiazole derivatives upon heating in DMF solution to 100° in the presence of air-oxygen [5] . This reaction was accompanied by the formation of elemental Se. Other reactions aimed at the synthesis of Se-containing heterocycles starting with selenosemicarbazides have not been described.
In a series of recent publications, we reported on the preparation and some reactions of imidazole-based carbohydrazides. For example, carbohydrazides of imidazole N-oxides 1 reacted with isocyanates and isothiocyanates leading to semicarbazides 2 and thiosemicarbazides 3, respectively, in good yields [7] (Scheme 1). Both types of products were subsequently used as starting materials for the preparation of bisheterocyclic systems.
Scheme 1
The goal of the present study was the synthesis of new selenosemicarbazides derived from imidazole carbohydrazides and their potential application for the preparation of Se-containing bis-heterocyclic products. were isolated after ca. two days as crystalline materials in good yields (Scheme 2).
Results and

Scheme 2
The spectroscopic data confirmed the expected structures. For example, in the case of 5a, the characteristic 1 H-NMR absorption of H-C(2) was observed at 8.48 ppm, indicative for 2-unsubstituted imidazole N-oxides. The CONH group absorbed at 1671 cm -1 in the IR spectrum, and the corresponding signal in the 13 C-NMR spectrum appeared at 179.4 ppm. In addition, the C=Se signal was found at 159.9 ppm. The HR-ESI-MS showed the typical pattern for Se-containing substances with m/z 372.0367.
These data evidence that the reactions occurred via nucleophilic attack of the hydrazide NH 2 group on the isoselenocyanate, and the N-oxide function is preserved under the reaction conditions.
In an extension of the study, carbohydrazides of type 6 were used for the reactions with 4. These hydrazides were prepared via alkylation of enolizable imidazole-2-thiones with 2-bromoethanoates [8] . The esters obtained thereby were converted to the carbohydrazides by standard treatment with excess NH 2 NH 2 . H 2 O
[7b]. The reactions of 6 with 4 were also carried out in MeOH at room temperature to yield crystalline products in all cases. The structures of the formed selenosemicarbazides 7 were proven by the spectroscopic data (Scheme 3). The 1 H-NMR spectra revealed the presence of the SCH 2 CO fragment by an absorption at 3.95-3.45 ppm. In analogy to compounds 5, the C=Se and C=O absorptions in the 13 C-NMR spectra appeared at ca. 180 and 160 ppm, respectively. In the cases of 7a and 7d, single crystals suitable for X-ray crystallography were obtained, and the molecular structures of these compounds were unambiguously confirmed (Table) .
Scheme 3
Fig. 1. ORTEP Plot [9] of the molecular structure of 7d (50% probability ellipsoids;
arbitrary numbering of the atoms)
The molecular structure of 7d is shown in Fig. 1 .
3 ) The analogous experiments with 5a and 1a + 4a, respectively, failed, and only decomposition and formation of Se was observed.
Scheme 4
In order to check whether the formation of Se-containing products from 5 and 7
is possible, solutions of 5b and 7c in MeOH were heated at reflux. Under these conditions, after 4 h, 7c was completely converted into a new compound, which was 
Scheme 5
Fig. 2. ORTEP Plot [9] of the molecular structure of 9b (50% probability ellipsoids;
arbitrary numbering of the atoms; the MeOH molecule is not shown)
The asymmetric unit contains one molecule of 9b plus one molecule of MeOH.
The crystal was of poor quality and produced very broad reflection profiles.
Consequently, the R-factor remains high and the precision of the geometric parameters is low. Nonetheless, the overall structure of the molecule is unambiguous. The space group is non-centrosymmetric, but the presence of mirror or glide planes dictates that the compound in the crystal is racemic. The absolute structure has been determined by 
3.
Conclusions. -The present study showed that imidazole-based carbohydrazides 1 and 6 react smoothly with aromatic isoselenocyanates 4 to yield the corresponding selenosemicarbazides 5 and 7, respectively. It is worth mentioning that in the case of 1 the N-oxide function is preserved. Upon heating in DMF at 100° in the presence of air-oxygen, 7b undergoes a cyclization to give 1,3,4-oxadiazole 8a, whereas compounds 5 decompose under these conditions. The same product 8a is formed from 6b and 4a in DMF under air at 100°. In contrast to thiosemicarbazides [7a] , the Seanalogues 7 undergo cyclization to give 1,2,4-triazole-3-selones 9 under mild thermal conditions, and no catalyst is required. To the best of our knowledge, this is the first type of cyclization of selenosemicarbazides, which occurs without loss of Se. 3. Synthesis of Selenosemicarbazides 5a -5d and 7a -7g. General Procedure.
A mixture of 1 or 6 (1 mmol) and the corresponding isoselenocyanate 4 (1.1 mmol) in MeOH (5 ml) was stirred for 48 h. Then, the product formed was filtered off, washed with MeOH, and crystallized from an acetone/MeOH mixture (1:1). [8] . To a soln. of a 1H-imidazole-2-thione (1 mmol) in CH 2 Cl 2 (5 ml) was added methyl 2-bromoacetate (1 mmol). The mixture was stirred for 48 h at r.t., then, the solvent was evaporated i.v., and the residue was used immediately without further purification. The oily residue was dissolved in EtOH (5 ml), and NH 2 NH 2 ·H 2 O (2 mmol) was added. The mixture was heated at reflux for 4 h, the solvent was evaporated i.v., and the residue was crystallized from MeOH. 
1-{[(1,5-Dimethyl-3-oxido-1H-imidazol-4-yl)carbonyl]amino}-3-(4-fluorophenyl)selenourea (5a
1-{[(1,5-Dimethyl-3-oxido-1H-imidazol-4-yl)carbonyl]amino}-3-(4-methoxyphenyl)selenourea (5b
1-{[(1-Benzyl-5-methyl-3-oxido-1H-imidazol-4-yl)carbonyl]amino}-3-phenylselenourea (5d
1-(4-Fluorophenyl)-3-{[2-(1,5-dimethyl-4-phenylimidazol-2-yl)sulfanylacetyl]amino}selenourea (7e
1-{[2-(1-Benzyl-4,5-dimethyl-imidazol-2-yl)sulfanylacetyl]amino}-3-(4-fluorophenyl)selenourea (7f
1-{[2-(1-Benzyl-4,5-dimethylimidazol-2-yl)sulfanylacetyl]amino}-3-(4-methoxyphenyl)selenourea (7g
General Procedure for the Synthesis of Hydrazides 6
2-[(1,4,5-Trimethylimidazol-2-yl)sulfanyl]acetohydrazide (6a
Synthesis of 8a. Procedure A.
A mixture of 6b (1 mmol) and 4a (1.1 mmol) in DMF (10 ml) was heated to 100° for 6 h under air atmosphere. The black Se powder was filtered off and washed with CH 2 Cl 2 (10 ml). The combined filtrate was concentrated i.v., and the residue was crystallized from acetone/MeOH (1:1).
Procedure B. Selenosemicarbazide 7b (1 mmol) in DMF (10 ml) was heated to 100° for 6 h under air atmosphere, and the mixture was worked up as described in Procedure A. Selenosemicarbazide 7 (1 mmol) in MeOH (10 ml) was heated at reflux for 4 h under N 2 atmosphere. Then, the mixture was worked up as described in Procedure A. 7. X-Ray Crystal-Structure Determination of 7a, 7d, and 9b (Table and Figs. 1 and 2) 5) . All measurements were performed on a Nonius KappaCCD diffractometer [11] using graphite-monochromated MoK α radiation (λ 0.71073 Å) and an Oxford
4-(4-Methoxyphenyl)-3-{[(1,4,5-trimethylimidazol-2-yl)sulfanyl]methyl}-1H-1,2,4-triazole-5-selone (9a
4-(4-
Methoxyphenyl
3-{[(1-Benzyl-4,5-dimethylimidazol-2-yl)sulfanyl]methyl}-4-(4-methoxyphenyl)-
1H
Cryosystems Cryostream 700 cooler. The data collection and refinement parameters are given in the Table, and views of the molecules 7d and 9b are shown in Figs. 1 and 2, respectively. Data reduction was performed with HKL Denzo and Scalepack [12] . The intensities were corrected for Lorentz and polarization effects, and an absorption correction based on the multi-scan method [13] was applied. Equivalent reflections, other than Friedel pairs in 9b, were merged. The structures were solved by direct methods using SIR92 [14] , which revealed the positions of all non-H-atoms. In the case of 7a, the asymmetric unit contains two symmetry-independent molecules 7a and one disordered molecule of CHCl 3 . The solvent molecule could not be modelled satisfactorily, so the SQUEEZE routine [15] of the program PLATON [16] was employed. This procedure, which allows the disordered solvent molecules to be omitted entirely from the subsequent refinement model, gave better refinement results and there were no significant peaks of residual electron density to be found in the voids of the structure. The procedure leaves one cavity of 303 Å 3 per unit cell. The electron count in the disordered region was calculated to be 80 e per cavity. One molecule of CHCl 3 per cavity corresponded with the peaks of residual electron density observed prior to the application of the SQUEEZE procedure. This yields 58 e and this estimate was used in the subsequent calculation of the empirical formula, formula weight, density, linear absorption coefficient and F(000). In all cases, the non-H-atoms were refined anisotropically. In the case of 9b, the poor quality of the crystal and the subsequent data meant that it was necessary to restrain atom C(15) to have pseudo-isotropic displacement parameters. For 7a and 7d, the H-atoms of the NH groups were placed in the positions indicated by a difference electron density map and their positions were allowed to refine together with individual isotropic displacement parameters. All remaining H-atoms and all H-atoms of 9b were placed in geometrically calculated positions and refined using a riding model where each H-atom was assigned a fixed isotropic displacement parameter with a value equal to 1.2 U eq of its parent atom (1.5
U eq for Me groups). The refinement of each structure was carried out on F 2 using fullmatrix least-squares procedures, which minimized the function Σw(F o 2 -F c 2 ) 2 . In the cases of 7a and 9b, a correction for secondary extinction was applied, and one reflection of 7a, whose intensitiy was considered to be an extreme outlier, was omitted from the final refinement. For 9b, refinement of the absolute structure parameter [17] yielded a value of -0.02(3), which confidently confirms that the refined model corresponds with the true absolute structure. Neutral atom scattering factors for non-H-atoms were taken from [18a], and the scattering factors for H-atoms were taken from [19] . Anomalous dispersion effects were included in F c [20] ; the values for f ' and f " were those of [18b] . [9] of the molecular structure of 7d (50% probability ellipsoids;
arbitrary numbering of the atoms; the MeOH molecule is not shown) Fig. 2 . ORTEP Plot [9] of the molecular structure of 9b (50% probability ellipsoids;
arbitrary numbering of the atoms; solvent molecules omitted) 
